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ULTRA HIGH RESOLUTION LIQUID
CRYSTAL DISPLAY HAVING A
COMPENSATING THIN FILM TRANSISTOR
AT EACH PIXEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/948,638, filed on Jul. 23, 2013, which claims
priority to Republic of Korea Patent Application No.
10-2012-0158351 filed on Dec. 31, 2012, which is incorpo-
rated by reference herein in its entirety.

FIELD OF THE DISCLOSURE

The present disclosure relates to an ultra high-resolution
liquid crystal display (or ‘LCD’) having a compensating thin
film transistor (or “TFT”) at each pixel. Especially, the present
disclosure relates to a pixel structure having high aperture
ratio for ultra high resolution LCD having a compensation
TFT to compensate the On/Off current characteristics of the
TFT for driving the pixel.

DISCUSSION OF THE RELATED ART

Nowadays, as the information society is developed, the
requirements of displays for representing information are
increasing. Accordingly, the various flat panel displays (or
‘FPD’) are developed for overcoming many drawbacks of the
cathode ray tube (or ‘CRT’) such as heavy weight and bulk
volume. The flat panel display devices include the liquid
crystal display device (or ‘L.LCD’), the field emission display
(or ‘FED”), the plasma display panel (or ‘PDP’), the organic
light emitting display device (or ‘OLED’) and the electro-
phoresis display device (or ‘ED”).

The display panel of a flat panel display may include a thin
film transistor substrate having a thin film transistor allocated
in each pixel area arrayed in a matrix manner. For example,
the liquid crystal display device represents video data by
controlling the light transitivity of the liquid crystal layer
using the electric fields. According to the direction of the
electric field, the LCD can be classified in the two major
types; one is vertical electric field type and the other is the
horizontal electric field type.

For the vertical electric field type LCD, a common elec-
trode formed on an upper substrate and a pixel electrode
formed on a lower substrate are facing with each other for
forming an electric field of which direction is perpendicular
to the substrate face. A twisted nematic (TN) liquid crystal
layer disposed between the upper substrate and the lower
substrate is driven by the vertical electric field. The vertical
electric field type LCD has merit of higher aperture ratio,
while it has demerit of narrower view angle about 90 degree.

For the horizontal electric field type LCD, a common elec-
trode and a pixel electrode are formed on the same substrate
in parallel. A liquid crystal layer disposed between an upper
substrate and a lower substrate is driven in In-Plane-Switch-
ing (or ‘IPS’) mode by an electric field parallel to the substrate
face. The horizontal electric field type LCD has a merit of
wider view angle over 160 degrees and faster response speed
than the vertical electric field type LCD. However, the hori-
zontal electric field type LCD may have demerits such as low
aperture ratio and transitivity ratio of the back light.

In the IPS mode LCD, for example, in order to form the
in-plane electric field, the gap between the common electrode
and the pixel electrode may be larger than the gap between the
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upper substrate and the lower substrate, and in order to get
enough strength of the electric field, the common electrode
and the pixel electrode may have a strip pattern having certain
width. Between the pixel electrode and the common electrode
of the IPS mode LCD, electric field horizontal with the sub-
strate is formed. However, just over the pixel electrode and
the common electrode, there is no electric field. That is, the
liquid crystal molecules disposed just over the pixel elec-
trodes and the common electrodes are not driven but maintain
the initial conditions (the initial alignment direction). As the
liquid crystal molecules in the initial condition cannot control
the light transitivity properly, the aperture ratio and the lumi-
nescence may be degraded.

For resolving these demerits of the IPS mode LCD, the
fringe field switching (or ‘FFS’) type LCD driven by the
fringe electric field has been proposed. The FFS type LCD
comprises the common electrode and the pixel electrode with
the insulating layer there-between, and the gap between the
pixel electrode and the common electrode is set narrower than
the gap between the upper substrate and the lower substrate.
So that, a fringe electric field having a parabola shape is
formed in the space between the common electrode and the
pixel electrode as well over these electrodes. Therefore, most
of all liquid crystal molecules disposed between the upper
substrate and the lower substrate can be driven by this fringe
field. As a result, it is possible to enhance the aperture ratio
and the front luminescence.

FIG. 1 is a plane view illustrating a thin film transistor
substrate having an oxide semiconductor layer included in a
fringe field type liquid crystal display according to the related
art. FIG. 2 is a cross-sectional view illustrating the structure
of'the thin film transistor substrate of FIG. 1 by cutting along
the line I-I' according to the related art.

The thin film transistor substrate shown in FIGS. 1 and 2
comprises a gate line GL and a data line DL crossing each
other with a gate insulating layer GI therebetween on a lower
substrate SUB, and a thin film transistor T formed at each
crossing portion. By the crossing structure of the gate line GL.
and the data line DL, a pixel area is defined. In the pixel area,
a pixel electrode PXI. and a common electrode COM facing
each other with a second passivation layer PAS2 therebe-
tween are disposed for forming the fringe field. For example,
the pixel electrode PXL has a rectangular shape correspond-
ing to the shape of the pixel area, and the common electrode
COM has a plurality of strips disposed in parallel each other.

The common electrode COM is connected to a common
line CL disposed in parallel with the gate line GL.. A reference
voltage (or ‘common voltage’) is supplied to the common
electrode COM through the common line CL.

The thin film transistor T charges and maintains the pixel
signal voltage to the pixel electrode PXL by responding to the
gate signal of the gate line GL. To do so, the thin film tran-
sistor T comprises a gate electrode G branched from the gate
line GL, a source electrode S branched from the data line DL,
adrain electrode D facing the source electrode S and connect-
ing to the pixel electrode PXL., and a semiconductor layer SE
overlapping with the gate electrode G having the gate insu-
lating layer GI therebetween for forming a channel between
the source electrode S and the drain electrode D.

The semiconductor layer SE is made of poly silicon mate-
rial, as it has high electron mobility characteristics. The
middle portions of the poly silicon layer SE overlapping with
the gate electrode G may be defined as an active layer A (the
channel area). The other portions of the poly silicon layer SE
except the active layer A may be two conductive areas by
plasma treatment. The one side of the conductive area may be
contacted with the source electrode S via a source contact



US 9,310,658 B2

3

hole SH, and the other side of the conductive area may be
contacted with the drain electrode D via a drain contact hole
DH. In other words, the poly silicon semiconductor layer SE
comprises a source area SA contacting the source electrode S,
a drain area DA contacting the drain electrode D, and an
active (or ‘channel’) layer A overlapping with the gate elec-
trode G between the source area SA and the drain area DA.

In the fringe field type LCD, the pixel electrode PXL and
the common electrode COM are overlapped each other.
Within the overlapped space, a storage capacitance is formed.
In order to form the fringe field and to charge the storage
capacitance enough, the TFT should have high performance.
For example, to satisfy the requirement of the fringe field type
LCD, it is preferable to use the thin film transistor substrate
having the poly-silicon semiconductor layer with the top gate
structure.

Referring to FIG. 2, we will explain about the structure of
the thin film transistor having the poly silicon semiconductor
material in the top gate structure. At first, on the substrate
SUB a semiconductor layer SE is formed. A gate insulating
layer Gl is deposited over the substrate SUB having the semi-
conductor layer SE. On the gate insulating layer GI, a gate
electrode G is formed to overlap with an active layer A, which
is the middle portion of the semiconductor layer SE.

On the gate electrode G, an intermediate insulating layer
IN is deposited to cover all surface of the substrate SUB. By
penetrating the intermediate insulating layer IN and the gate
insulating layer GI, a source contact hole SH and a drain
contact hole DH exposing the source area SA and the drain
area DA of the semiconductor layer SE, respectively, are
formed. On the intermediate insulating layer IN, a source
electrode S contacting the source area SA via the source
contact hole SH and a drain electrode D contacting the drain
area DA via the drain contact hole DH are formed.

A first passivation layer PAS1 is deposited over the whole
surface of the substrate SUB having the top gate type tin film
transistor T. Further, a pixel contact hole PH exposing some
portions of the drain electrode D is formed by penetrating the
first passivation layer PAS1.

The pixel electrode PXI. formed on the first passivation
layer PAS1 is contacted to the drain electrode D via the pixel
contact hole PH. On the other hand, the common COM is
formed to overlap with the pixel electrode PXL on the second
passivation layer PAS2 covering the pixel electrode PXL..
Between the pixel electrode PXL and the common electrode
COM, the fringe electric field is formed. In addition, within
the space formed by the overlapping structure of the pixel
electrode PXL and the common electrode COM, the storage
capacitance is formed. By this fringe electric field, the liquid
crystal molecules arrayed in plane direction between the thin
film transistor substrate and the color filter substrate may be
rotated according to the dielectric anisotropy of the liquid
crystal molecules. According to the rotation degree of the
liquid crystal molecules the light transmittance ratio of the
pixel area may be changed so as to represent desired gray
scale.

The Off-Current characteristics of the thin film transistor
having the poly-silicon semiconductor material may be easily
degraded. In order to compensate this degraded Off-Current
characteristics of the driving thin film transistor, a compen-
sating thin film transistor may be further required. Like this
case, by adding the compensating TFT in the pixel area, the
aperture ratio may be reduced because the non-transitive area
is increased. Therefore, required is a pixel structure in which
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the aperture ratio is not reduced so much even the compen-
sating TFT is included in the pixel area.

SUMMARY

A thin film transistor substrate comprises: gate lines run-
ning in horizontal direction and data lines running in vertical
direction which define a plurality of pixel area on a substrate;
a first gate electrode and a second gate electrode formed by
dividing any one gate line disposed at any one of an upper side
and a lower side; a first thin film transistor connected to the
first gate electrode; and a second thin film transistor con-
nected to the first thin film transistor and the second gate
electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 is a plane view illustrating a thin film transistor
substrate having an oxide semiconductor layer included in a
fringe field type liquid crystal display according to the related
art.

FIG. 2 is a cross-sectional view illustrating the structure of
the thin film transistor substrate of FIG. 1 along the line I-I'
according to the related art.

FIG. 3 is a plane view illustrating the structure of a thin film
transistor substrate having a compensation thin film transistor
according to the first embodiment of the present disclosure.

FIG. 4 is a plane view illustrating the structure of a thin film
transistor substrate having a compensation thin film transistor
according to the second embodiment of the present disclo-
sure.

FIG. 5 is a cross-sectional view illustrating the thin film
transistor substrate having a compensation thin film transistor
by cutting along the line II-IF in FIG. 4.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Referring to attached figures, embodiments of the present
disclosure will be described. Like reference numerals desig-
nate like elements throughout the detailed description. How-
ever, the present disclosure is not restricted by these embodi-
ments but can be applied to various changes or modifications
without changing the technical spirit. In the following
embodiments, the names of the elements are selected for ease
of explanation and may be different from actual names.

Referring to FIG. 3, we will explain about the first embodi-
ment of the present disclosure. FIG. 3 is a plane view illus-
trating the structure of a thin film transistor substrate having a
compensation thin film transistor according to the first
embodiment of the present disclosure. FIG. 3 is the diagram
illustrating a thin film transistor substrate for an ultra high
definition resolution liquid crystal display over 300 PPI, hav-
ing the compensation thin film transistor in each pixel. Here-
inafter, the driving thin film transistor T1 and the compensa-
tion thin film transistor T2 are named for distinguish each
other so it is not required that the order and position of them
would be same as shown in the figures.

The thin film transistor substrate according to the first
embodiment of the present disclosure comprises a plurality of
pixel areas defined by a plurality of gate lines GL and a
plurality of data lines DL, which cross each other with a gate
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insulating layer GI therebetween. Each pixel area comprises
a pixel electrode PXI. and a common electrode COM facing
each other with a second passivation layer PAS2 therebe-
tween, for forming a fringe electric field. The pixel electrode
PXI.has arectangular shape corresponding to the shape of the
pixel area, and the common electrode COM has a plurality of
strips disposed in parallel each other.

In each pixel area, one driving thin film transistor T1 is
disposed. Further, one compensation thin film transistor T2 is
disposed in each pixel area for compensating the Off-Current
characteristics of the driving thin film transistor T1. The drain
electrode D1 of the driving thin film transistor T1 is con-
nected to the source electrode S2 of the compensation thin
film transistor T2.

Now, we will explain about the structure of the thin film
transistor substrate having the driving thin film transistor T1
and the compensation thin film transistor T2 which are con-
nected in serial. On the substrate SUB, the pixel areas dis-
posed in a matrix manner are defined by the crossing structure
of the gate lines GL running in horizontal direction and the
data lines DL running in vertical direction.

The gate electrode G1 of the driving thin film transistor T1
is branched from the gate line GL to the pixel area. The source
electrode S1 of the driving thin film transistor T1 is branched
from the date line DL to the pixel area, especially to the gate
electrode G1. The semiconductor layer SE of the driving thin
film transistor T1 is extended from the source electrode S1
and overlapped with the gate electrode G1. The drain elec-
trode D1 of the driving thin film transistor T1 is not formed as
a separated electrode. The drain electrode D1 would be the
drain area DA1. The semiconductor layer SE comprises a
source area SA1 contacting the source electrode S1, a channel
area Al overlapping with the gate electrode G1, and the drain
area DA1 formed at the side opposing the source area SA1
from the gate electrode G1.

The gate electrode G2 of the compensation thin film tran-
sistor T2 is not formed separately. One portion of the gate line
DL would be used as the gate electrode G2 of the compensa-
tion TFT T2. The source electrode S2 of the compensation
thin film transistor T2 is not formed separately, neither. The
source area SA2 expanded from the drain area DA1 of the
semiconductor layer SE would be the source electrode S2 of
the compensation TFT T2. The drain electrode D2 of the
compensation thin film transistor T2 is connected to the drain
area DA2 formed at the side opposing the source area SA2
from the gate electrode G2 of the compensation TFT T2.

In the first embodiment of the present disclosure, in order
to connect the driving TFT T1 and the compensation TFT T2
serially, following structure would be preferred as shown in
FIG. 3. The gate electrode G1 of the driving TFT T1 may be
extruded to the next pixel area disposed at the next row from
the current pixel area. The semiconductor layer SE may be
disposed as starting from the next row pixel area, overlapping
with the gate line GL. and extending to the current row pixel
area. The drain electrode D2 of the compensation TFT T2 is
connected to the pixel area PXL formed in the current pixel
area.

The pixel electrode PXL is overlapped with the common
electrode COM having a passivation layer therebetween. The
common electrode COM is connected to the common line CL
disposed in parallel with the gate line GL. A reference voltage
(or ‘common voltage’) is supplied to the common electrode
COM through the common line CL. Between the pixel elec-
trode PXL and the common electrode COM, a fringe electric
field is formed. Further, within the overlapped space of the
pixel electrode PXL and the common electrode COM, a stor-
age capacitance is formed. By this fringe electric field, the
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liquid crystal molecules arrayed in plane direction between
the thin film transistor substrate and the color filter substrate
may be rotated according to the dielectric anisotropy of the
liquid crystal molecules. According to the rotation degree of
the liquid crystal molecules, the light transmittance ratio of
the pixel area may be changed so as to represent desired gray
scale.

In the case of low density resolution liquid crystal display
less than 300 PPI, the pixel area is relatively large so that the
area for the driving TFT T1 and the compensation TFT T2 is
not occupying so much large ratio in the pixel area. Further-
more, in the fringe field type, the aperture ratio can be easily
ensured because the storage capacitance is not formed sepa-
rately but formed by the overlapping structure of the pixel
electrode PXL and the common electrode COM. Therefore,
the area of the compensation TFT T2 does not severely affect
to the reduction of the aperture ratio.

However, in the case of ultra high-density resolution liquid
crystal display over 300 PPI, the situation is totally different.
As the number of pixel is increasing, the size of each pixel
should be getting smaller. On the other hands, the size of the
thin film transistors T1 and T2 should not be getting smaller
as the size of the pixel because the characteristics of the TFTs
should be kept. Consequently, in the ultra high-density reso-
Iution flat panel display, the area ratio of the thin film transis-
tors T1 and T2 in the pixel area would be getting larger. As the
area for the TFTs T1 and T2 is the non-transmittance area, it
may be key causes for the reducing of the aperture ratio in the
ultra high-density resolution.

In the first embodiment, in order to reduce the area ratio of
the driving TFT T1 and the compensation TFT T2 in the pixel
area, the gate electrode G2 of the compensation TFT T2 is not
formed separately, but one portion of the gate line GL may be
used as the gate electrode G2 of the compensation TFT T2.
However, it is not enough to ensure the aperture ratio for the
case of the super ultra high-density resolution over 400 PPI.

Hereinafter, further referring to FIGS. 4 and 5, we will
explain about the second embodiment of the present disclo-
sure. FIG. 4 is a plane view illustrating the structure of a thin
film transistor substrate having a compensation thin film tran-
sistor according to the second embodiment of the present
disclosure. FIG. 5 is a cross-sectional view illustrating the
thin film transistor substrate having a compensation thin film
transistor by cutting along the line II-IF in FIG. 4. Here, the
driving thin film transistor T1 and the compensation thin film
transistor T2 are named for distinguish each other so it is not
required that the order and position of them would be same as
shown in the figures.

The second embodiment suggests a super ultra high-den-
sity resolution (over 400 PPI) liquid crystal display in which
the aperture ratio reduction is minimized even if the compen-
sation thin film transistor is further comprised. The thin film
transistor substrate according to the second embodiment
comprises a gate electrode, which is not extruded to the pixel
area from the gate line, but one portion of the gate line is used
as the gate electrode. Especially, the second embodiment
suggests an example of structure in which the gate line itself
is used as the gate electrodes of the driving TFT and the
compensation TFT.

On the substrate SUB, a plurality of pixel areas having
rectangular shape defined by a plurality of gate lines GL. and
a plurality of data lines DL, which cross each other. Specifi-
cally, one pixel area is defined by the two data lines DL
disposed at left and right sides and the two gate lines GL
disposed at upper and lower sides.

Here, any one of the gate line DL among the upper side gate
line and the lower side gate line is divided into two branches
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for being used as the gate electrode. These two gate electrode
formed by the divided gate line is commonly used as the gate
electrode for the current pixel area and the next row pixel area.
That is, one gate line GL. may be commonly allocated to two
pixel electrodes which are neighbored in vertical each other.

Further referring to FIGS. 3 and 4, we will explain in detail.
By dividing the gate line GL in the upper branch and the lower
branch, the gate electrode G1 of the driving TFT T1 and the
gate electrode G2 of the compensation TFT T2 are formed.
The gate line GL, the gate electrode G1 of the driving TFT T1,
and the gate electrode G2 of the compensation TFT T2 are
disposed in horizontal direction and parallel each other.

As the gate electrodes G1 and G2 are for the upper (or
‘current’) pixel electrode PXL and the lower (or ‘next row”)
pixel electrode PXL, the semiconductor layer SE may be
formed as extending from the upper pixel area to the lower
pixel area and crossing the gate electrodes G1 and G2.

A source electrode S1 of the driving TFT T1 is formed as
being branched from the data line DL to the pixel area and
being parallel with the gate electrode G1 of the driving TFT
T1. The source electrode S1 of the driving TFT T1 contacts
one side of the semiconductor layer SE.

The semiconductor layer SE comprises a source area SA1
contacting the source electrode S1 of the driving TFT T1, an
active channel layer Al of the driving TFT T1 overlapping
with the gate electrode G1 of the driving TFT T1, a drain area
D1 of the driving TFT T1 and a source area S2 of the com-
pensation TFT T2, an active channel layer A2 of the compen-
sation TFT T2, and a drain area D2 of the compensation TFT
T2.

That is, the driving TFT T1 and the compensation TFT T2
are serially connected each other via the semiconductor layer
SE. The semiconductor layer SE is extended by running from
the lower pixel area, passing the gate electrodes G1 and G2,
reaching to the upper pixel area. In that case, the source
electrode S1 of the driving TFT T1 is disposed at the lower
pixel area. The drain electrode D2 of the compensation TFT
T2 is disposed at the upper pixel area and connected to the
pixel electrode PXI. formed at the upper pixel area.

The source electrode S1 branched from the left side data
line DL is supplied with the data voltage for driving the upper
pixel electrode PXL.. On the contrarily, the source electrode
S1 branched from the right side data line DL is supplied with
the data voltage for driving the lower pixel electrode PXL..
The semiconductor layer SE passing the left side of the gate
electrodes G1 and G2 is for driving the upper pixel electrode.
The semiconductor layer SE passing the right side of the gate
electrodes G1 and G2 is for driving the lower pixel electrode.
In other example, the reversed structure is possible.

The gate electrodes G1 and G2 formed by dividing one gate
line GL disposed at upper side (or ‘lower side’) into two
segments are allocated to the upper and lower pixel area
commonly. At the lower side (or “upper side’), there is only
one segment of the gate line GL is disposed. Considering one
pixel area, in the first embodiment, the gate electrodes G1 and
(G2 are disposed at the upper side and the lower side. On the
contrary, in the second embodiment, the gate electrodes G1
and G2 are disposed at only any one side of the upper and
lower sides. Therefore, the second embodiment has merits in
which the area ratio of the TFTs T1 and T2 in the pixel area
can be minimized. In some actual examples, the second
embodiment has 15%~20% higher aperture ratio than the first
embodiment.

Further referring to FIG. 5, we will explain about the struc-
ture of the thin film transistor having the poly silicon semi-
conductor material in the top gate structure according to the
second embodiment of the present disclosure. On the sub-
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strate SUB, a semiconductor layer SE is formed. On the
whole surface of the substrate SUB having the semiconductor
layer SE, a gate insulating layer GI is deposited. On the gate
insulating layer GI, a gate electrodes G1 and G2 overlapping
with an active channel layers A1 and A2 (the middle portions
of the semiconductor layer SE) is formed.

On the gate electrodes G1 and G2, an intermediate insulat-
ing layer IN is deposited to cover the whole surface of the
substrate SUB. Penetrating the intermediate insulating layer
IN and the gate insulating layer GI, formed are a source
contact hole SH and a drain contact hole DH exposing the
source area SA1 of the driving TFT T1 and the drain area
DA2, respectively. On the intermediate insulating layer IN,
formed are a source electrode S1 of the driving TFT T1
contacting the source area SA1 of the driving TFT T1, and a
drain electrode D2 of the compensation TFT T2 contacting
the drain area DA2 of the compensation TFT T2.

On the substrate SUB having the top gate type TFTs T1 and
T2, afirst passivation layer PAS1 is deposited. By penetrating
the first passivation layer PAS1, a pixel contact hole PH
exposing some portions of the drain electrode D2 of the
compensation TFT T2 is formed.

On the first passivation layer PAS1, a pixel electrode PXL
contacts the drain electrode D2 of the compensation TFT T2
via the pixel contact hole PH. A second passivation layer
PAS2 is deposited on the substrate SUB having the pixel
electrode PXL. A common electrode COM is formed on the
second passivation layer PAS2. The common electrode COM
is overlapped with the pixel electrode PXL. by the second
passivation layer PAS2 therebetween. Between the pixel elec-
trode PXL and the common electrode COM, the fringe elec-
tric field is formed. Further, the storage capacitance is formed
within the overlapped space between the pixel electrode PXL
and the common electrode COM.

Until now, we will explain about the thin film transistor
substrate for the liquid crystal display in which two thin film
transistors having the poly silicon semiconductor material are
included in every pixel area. The concept of the present dis-
closure can be applied to other type thin film transistor sub-
strate having other semiconductor material and other TFT
structure. Furthermore, even though these embodiments are
focused on the fringe field switching type liquid crystal dis-
play, the key concept of the present disclosure can be applied
to the in-plane switching type liquid crystal display.

In the present disclosure, we will explain about the liquid
crystal display. The main idea of the present disclosure is to
ensure high aperture ratio in the flat panel display having the
super ultra high density resolution over 300 PPI. Therefore,
the main concept of the present disclosure can be applied to
any flat panel display using the thin film transistor substrate
such as an organic light emitting diode display.

While the embodiment of the present invention has been
described in detail with reference to the drawings, it will be
understood by those skilled in the art that the invention can be
implemented in other specific forms without changing the
technical spirit or essential features of the invention. There-
fore, it should be noted that the forgoing embodiments are
merely illustrative in all aspects and are not to be construed as
limiting the invention. The scope of the invention is defined
by the appended claims rather than the detailed description of
the invention. All changes or modifications or their equiva-
lents made within the meanings and scope of the claims
should be construed as falling within the scope of the inven-
tion.
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What is claimed is:

1. A thin film transistor substrate, comprising:

gate lines running in horizontal direction and data lines
running in vertical direction which define a plurality of
pixel areas on a substrate;

a first gate electrode and a second gate electrode formed by
dividing any one gate line disposed at any one of an
upper side of a second pixel area and a lower side of a
first pixel area;

a first thin film transistor connected to the first gate elec-
trode; and

a second thin film transistor connected to the first thin film
transistor and the second gate electrode,

wherein the first and second thin film transistors provide a
drive signal to a first pixel electrode disposed at the first
pixel area such that a source area of the first thin film
transistor is in the second pixel area and a drain area of
the second thin film transistor is in the first pixel area,
and wherein a drain area of the first thin film transistor
and a source area of the second thin film transistor are
positioned between the first gate and second gate elec-
trodes in a planar view.

2. The thin film transistor substrate according to the claim

further comprising:

a semiconductor layer extending from the first pixel area
crossing the first gate electrode to the second pixel area
crossing the second gate electrode,

wherein the drain area of the first thin film transistor and the
source area of the second thin film transistor are con-
nected through the semiconductor layer.

3. The thin film transistor substrate according to the claim

wherein the first thin film transistor includes:

a first source electrode branching from a data line and
contacting one side of the semiconductor layer;

afirst channel layer including a portion of the semiconduc-
tor layer overlapping by the first gate electrode; and

a first drain area extending from the first channel layer,

wherein the second thin film transistor includes:

asecond source area extending from the first drain area and
including a portion of the semiconductor layer;

a second channel layer extending from the second source
area and overlapping by the second gate electrode; and

a second drain electrode contacting other side of the semi-
conductor layer extending from the second channel
layer.

30
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4. The thin film transistor substrate according to the claim
1, further comprising:

a first semiconductor layer formed at a first side and cross-
ing the first gate electrode and the second gate electrode
to extend from the first pixel area to the second pixel
area,

wherein the first semiconductor layer is connected to a first
pixel electrode formed in the first pixel area, and

a second semiconductor layer is connected to a second
pixel electrode formed in the second pixel area.

5. The thin film transistor substrate according to the claim

4, wherein the first semiconductor layer is connected to a first
data line disposed at one side, and

the second semiconductor layer is connected to a second
data line disposed at an opposite side.

6. The thin film transistor substrate according to the claim

1, further comprising:

a first pixel electrode connected to the second thin film
transistor;

a passivation layer covering the first pixel electrode; and

a common electrode overlapping with the first pixel elec-
trode on the passivation layer.

7. The thin film transistor substrate according to the claim

65

wherein the first pixel electrode is a surface electrode hav-
ing a rectangular shape, and

the common electrode is overlapped with the first pixel
electrode and has a plurality of segments which are
disposed in parallel with a certain gap.

8. The thin film transistor substrate according to the claim

15

wherein the first thin film transistor and the second thin film
transistor are disposed at different pixel areas of the
plurality of pixel areas.

9. The thin film transistor substrate according to the claim

15

wherein the first thin film transistor is positioned at the
second pixel area, and the second thin film transistor is
disposed at the first pixel area.

10. The thin film transistor substrate according to the claim

25

wherein the semiconductor layer is made of poly silicon

material.



